One of the competing explanations for the origin of elliptical galaxies views them as merger products. This scenario has grown both from theory and from observed features of the galaxies that are regarded as signatures of merger activity. The presence of shells, X-structure, tails or plumes, and deviation of the isophotes from the elliptical shape (all indicated as fine structure) in a significant fraction of ellipticals, together with kinematically decoupled cores in some of them, are a key form of evidence for a merger or lower mass accretion and/or acquisition scenario (Schweizer 1992; Barnes & Hernquist 1992) . It seems, further, that a link exists between fine structure and other suspected signatures of past interaction, such as UBV colours and X-ray emission (see also Forbes & Thomson 1992 ).
shape of early-type galaxies, like disciness or boxiness, to a certain extent may be simply an effect of projection and not of use in distinguishing between a dissipationless collapse (Stiavelli, Londrillo & Messina 1991) and a merging event (Governato, Reduzzi & Rampazzo 1993) for the origin of the objects. X-structure frequency needs to be revised, since it seems connected in a tangled way with the deviation from the elliptical shape of the isophotes (Forbes & Thomson 1992) . Counter-rotation found in a small fraction of elliptical galaxies can be explained in a framework involving a weak interaction between galaxies, not merging, if the elliptical has a faint internal disc as some observations imply (Hau & Thomson 1994 , and reference therein). Shells can be created also by a weak interaction between galaxies (Thomson & Wright 1990) , and not only via a merging event (Quinn 1982; Huang & Stewart 1985; Dupraz & Combes 1986; Weil & Hernquist 1993) . The weak interaction framework can explain many properties of shells, such as their geometrical (e.g. types and their relative frequency, radial Conflicting evidence from simulations has begun to cast doubts about the need for the merging hypothesis in order to explain such features. The distortion of the isophotal distribution), photometrical (e.g. colours, surface brightness profiles) and environmental (e.g. lower frequency of shell galaxies in clusters) properties (Thomson 1991, and reference therein) .
Observations suggest that, even allowing for large uncertainties in the numbers, a correlation between environment and fine structure detection, in particular for shells, exists. Malin & Carter (1983) , inspecting the ESO-SERC reproductions of the southern sky (c5 ~ -17°), found 137 ellipticals showing shells. Most of them are in the field or in loose groups. They report that the global fraction detected represents the 16.5 per cent of the isolated ellipticals in RC2 in the southern hemisphere. Recently Schweizer (1992) , analysing a sample of 38 ellipticals and 36 lenticulars 'mainly in the field', found respectively that 56 and 32 per cent of them show shells, increasing significantly the fraction of detections. Taking into account all fine structure he concluded that the majority of field E + SO galaxies seem to have experienced a (major?) merger during the past.
The fact that denser environments seem to show few shell structures raises many questions if we interpret the phenomenon as a merging signature. Malin & Carter (1983) , in fact, suggest that perhaps 'tidal effects of other galaxies rapidly disrupt the shell structures or [ .. ] the collisions between galaxies, which lead to shell formation, are lowvelocity encounters, and regions of high galaxy density, such as clusters, are also regions of high relative velocity'. At the same time it is known that dwarf galaxies (dE and dSO), a necessary ingredient to produce shells etc. in the minor merging hypothesis, are the dominant population of clusters of various richness as can be deduced from their luminosity function (see Jerjen, Tammann & Bingelli 1992 , and references therein). Less dense environments, as loose groups, have a lower fraction of such galaxies; the 'extreme field', although not fully studied (Jerjen et a1. 1992) , seems populated only by spirals and irregulars, only the latter having the characteristics of dwarf galaxies (see also Roberts & Haynes 1994) . In the weak interaction framework the higher rate of occurrence of shells in low-density environments is a consequence of the necessary ingredients for their formation: low-velocity (nearly parabolic) encounters and a dynamically cold population of stars on nearly circular orbits -a thick disc (Thomson 1991) . Within clusters encounters are hyperbolic and the multiple interactions heat up the thick disc. The presence of a disc component is not completely ascertained in ellipticals, nevertheless observational evidence suggests a continuity in the bulge-to-disc ratio between elliptical and SOs (see, e.g., Capaccioli, Caon & Rampazzo 1990) . Then, the understanding of the origin of shells and in general of fine structure requires the clarification of their correlation with the environment which affects the frequency of the phenomenon.
In this framework, isolated pairs of galaxies exist in a very particular environment in which member galaxies are sufficiently close to each other that the energy of interaction between them and any neighbouring galaxies should be smaller than the binding energy of interaction between the two galaxies in the pair. Pairs represent typically 'close' systems in low-density environments, for the selection criteria adopted, where encounters are different from those taking place in a cluster. The presence of the so-called 'Holmberg effect', i.e. pair members tend to have the same colour (see Reduzzi & Rampazzo 1995, and reference therein) , suggests that pairs tend to survive the perigalactic passage until the time the induced star formation becomes observable. In fact, Monte Carlo simulations have shown that the most probable distribution of the orbital parameters of isolated pairs (Karachentsev 1972; Reduzzi & Rampazzo 1995) is represented by elliptical orbits with high eccentricity (see, e.g., Schweizer 1987, Junqueira & De Freitas Pacheco 1994, and references therein) . A comparative study of a sample of pairs and of isolated galaxies then should form the 'cleanest' test of the merging versus the weak interaction hypotheses and the origin of fine structure. In fact, if the above simulations reliably represent the pair population sampled by the catalogues, pair members experience nearly periodic encounters compared with nearly isolated galaxies which have rare but probably effective, low-velocity encounters.
Properties of the isolated galaxies and pairs samples are presented in Section 2. The observations and analysis are the subject of Section 3, while the comparison between the two environments and conclusions concerning different formation hypotheses are discussed in Section 4.
THE PAIRED AND ISOLATED GALAXIES SAMPLES
Fine structure has been studied up to now mainly on very bright galaxies. The Schweizer (1992 and references therein) sample contains no galaxies fainter than 13.5 B mag. Isolation selection criteria used in different catalogues of pairs (Soares et a1. 1995 , Reduzzi & Rampazzo 1995 tend to exclude nearby pairs, so each list has a limited number of early-type members brighter than 13.5 B mag. Since our objective is to compare the properties of field versus isolated interacting objects, we are compelled to select a fainter sample of isolated galaxies. In the following subsections we have summarized the characteristics of the pair sample and the criteria adopted in selecting the isolated sample.
2.1 The sample of pairs of galaxies Reduzzi & Rampazzo (1995) extracted from The Surface Photometry Catalogue of the ESO-Uppsala Galaxies (Lauberts & Valentijn 1989 : hereafter ESO-LV) a sample of 1302 candidate doubles using criteria similar to those adopted by Karachentsev (1972) . The main catalogue, complete to 14.5 B mag, consists of 409 doubles. The systemic velocity is known for a large fraction of the galaxies in the catalogue, but the difference in the systemic velocity (~V = Va -Vb) is presently available for only about 41 per cent of pairs (Reduzzi & Rampazzo 1995) . The pairs are located in low-density environments as a consequence of the isolation criteria adopted, which also tend to select similar size members in order to avoid foreground or background galaxies before a complete covering of the systemic velocities is available (the expected frequency of optical alignments is 11 per cent). Reduzzi & Rampazzo (1996) discussed the morphological and photometrical properties of a sample of pairs taken from the Reduzzi & Rampazzo (1995) catalogue. The sample of the pairs contain 54 early-type (T ~ 0) members according to the ESO-LV classification. 22 are ellipticals ( -5 ::;; T::;; -3) and 32 lenticulars. The authors report some cases of misclassification with respect to the original ESO-LV classification. The radial velocity difference, A V, is known for ~ 60 per cent of the pairs. A V~ 1000 km S -1 for two pairs, while most of them have a AV::;; 200 km s -1. The sample has been observed at the 0.9-m Dutch telescope, during different runs, using GEC-coated and TEK512 UVflooded CCDs in B, V, R Bessel filters (their nominal relative quantum efficiency is similar: 50 and 55 per cent in the R band). This sample partially overlaps with previous observations obtained by Rampazzo & Sulentic (1992) at the 2.2-m MPI-ESO telescope with which fine structures found have been compared. A large fraction of the pairs show the photometric and morphological signs of the ongoing interaction.
Determination of the comparison sample of 'isolated' galaxies
In order to interpret the percentage of fine structure in interacting galaxies, a control sample of isolated early-type galaxies is needed. The ESO-LV catalogue reports the N tot parameter, which gives the projected surface density, i.e. the average number of galaxies, of any morphological type, to within a radius of 1 0 around each individual galaxy. Lauberts & Valentijn (1989) claim also that N tot is indicative of the true local volume galaxy density. In particular, when N tot is larger than nine, galaxies are located in very rich environments (such as Fornax, Hydra etc.) while below this value the parameter is linearly related to the fraction of galaxies 'in clusters' (see the introduction to ESO-LV). We use N tot to select the sample of early-type galaxies in low-density environments, choosing the objects with N tot ::;; 1.5. This value has been adopted since the average (N,ot> value for the entire Reduzzi & Rampazzo (1995) sample is 1.6 ± 0.8.
Given the strong isolation criteria adopted for pairs we expect that below this threshold there is a fraction of isolated objects. We do not reject from the list those objects in the ESO-LV which have nearly coincident positions like 'double nuclei'. Reduzzi & Rampazzo (1995) during their search for paired galaxies found several cases in which distorted galaxies have two entries with nearly overlapping positions. In the Digitized Sky Survey they are indistinguishable from being a single object, and then can be merging objects. Following previous investigations (Malin & Carter 1983; Schweizer 1992 ) fine structure can be found along all the morphological sequence characterizing early-type galaxies, from ellipticals to late-type SOs and even SOas (Schweizer & Seitzer 1988) . We therefore select from the above list galaxies with a morphological type T::;; 0 following the classification given in ESO-LV.
OBSERVATIONS AND REDUCTION
A set of 61 early-type galaxies, from our isolated sample, has been imaged at the 0.9-m ESO-Dutch telescope at La Silla, Chile. CCD frames were obtained using an R Bessel filter, to minimize the effects of dust extinction and night-sky emission, with typical exposure times of 20 min. The TEK512 UV-flooded CCD gives a resolution of 0.4 arc- Table 1 lists the objects observed. According to the classification given in ESO-LV, 28 objects are ellipticals ( -5 ::;; T::;; -3) and 33 are lenticulars. There are some possible misclassifications in the ESO-LV as remarked in Table  1 notes.
Further information about isolation is given in Table 1 . The separation between the investigated and nearest galaxy in units of the investigated galaxy diameter, sep!D2s, and the ratio between the luminosity of the investigated and the nearest galaxy, LB/L~ (for the objects with sep!D2S::;; 20), are listed. 62 per cent of the galaxies in the sample have sep/ D25 ~ 10. Among the remaining galaxies large LB/L~ may suggest, since the systemic velocity of faint galaxies is unknown, that the objects are uncorrelated. In few cases there are possible companions. They may form hierarchical pairs with a size ratio largely different from the pairs considered in Reduzzi & Rampazzo (1995) .
The samples of isolated and paired galaxies have been observed and analysed in a homogeneous way. In order to avoid possible inconsistencies that may compromise the comparison of the two samples the similarity of their morphological type and apparent magnitude distributions was tested. The comparison utilized the Wilcoxon rank sum test, the null hypothesis Ho being that the two distributions ( Fig.  1 ) (those for isolated galaxies and pair galaxies) are identi- that Ho cannot be rejected because the level of confidence would be only about 10" (at 77 and 52 per cent probability level, respectively). Any difference in the frequency of fine structure in the two samples cannot be attributed to a difference in their morphological and apparent magnitude distributions.
Fine structure detection
Most of the features are visible in the original frame with suitable luminosity cuts. The object of the detection procedure is to separate them from the rest of the galaxy, allowing morphological classification and/or photometric measurements. Low-level structural features can be detected when a model is subtracted from the original image of a galaxy. This technique has been widely used for enhancing shell structures and for detecting internal dust lanes (see for instance Prieur 1989 , Capaccioli, Piotto & Rampazzo 1988 , Forbes & Thomson 1992 . It usually produces results that are superior to those obtained from filtering. Unsharp masking (or equivalently, high-pass median filtering) may produce artefacts in the central regions masking or modifying complex structures if present.
We used the lRAF reduction package at Osservatorio Astronomico di Brera to carry out our analysis. Our modelling is based on a method developed by Jedrzejewski (1987) and implemented in STSDAS. Mter the subtraction of foreground stars by means of squared masks (formed of pixels not considered by the computing algorithm), each isophote of the galaxy under study is fitted by a mean ellipse and parametrized using values of position angle, ellipticity and coordinates of the centre. The deviation from a pure ellipse Notes. Morphological types, total B magnitudes and the galaxy density parameter N tot are obtained from ESO-LV. Column 8 gives the ratio of the separation from the nearest galaxy and the diameter (D25) of the investigated galaxy. Column 9 gives the luminosity ratio of the investigated galaxy and the nearest galaxy. The morphological type given in the notes, when present, is deduced from the inspection of the CCD frame. Columns labelled with numbers are: (1) shells, (2) tail-plumes, jets, (3) X-structure, (4) dust, (5) asymmetries. Objects also in the sample studied by Malin & Carter (1983) expressed in terms of a Fourier series is also given. The fourth cosine term in the Fourier series expansion is a particularly useful measure of the deviation from ellipticity, measuring the degree of disciness or boxiness of the isophotes. The entire galaxy is parametrized in luminosity and geometrical parameters between a minimum (usually 1.5 pixel) and maximum radius. The latter is big enough to include the complete visual extension of the main body of the object. The program usually starts with some default radius (typically 10 pixel) and increases with a geometrical progression as far out as possible. It then restarts from the initial point and goes down to the centre of the galaxy. We adopted a variation step in the radius of 10 per cent. Each parameter is allowed to vary during the fitting, permitting us to map any small variations and to build up a reliable synthetic model of the object. This model is produced using a bilinear interpolation of the fitted isophotes. The luminosity of the internal structures is in many cases very low, at most few per cent compared to the intensity of the main body of the galaxy. Still it is possible for the resultant synthetic image to be influenced by the presence of the internal structures. Actually, it is known that fine structure can significantly modify the model isophotes (see Forbes & Thomson 1992) . The subtraction of such a false model from the original image may then erase the faint details that we are searching for. In order to avoid this problem we try to optimize our internal feature enhancement by including luminosity clipping in the modelling procedure. In this way the fitting algorithm can be modified and up to 40 per cent of the brightest pixels can be removed from the elliptical annulus to be fitted. This permits us to exclude from the list of the examined pixels the ones eventually associated with the superimposed faint details. Finally, tests (mathematically generated galaxy models, comparison of luminosity and geometrical profiles with those obtained from independent © 1996 RAS, MNRAS 282,149-156 packages) on IRAP parameters have been performed in order to avoid the creation of spurious features during the modelling of the original image.
Examples of the procedure applied to the isolated sample are shown in Fig. 2 . We do not consider features near the very centre of the galaxy for which the limited number of data points in the ellipse fitting can create spurious effects. Since the model uses elliptical isophotes the deviations from an elliptical shape (boxiness or disciness) are enhanced in different ways. After the model subtraction, discy ellipticals show a filament of light which corresponds to the area where the model underestimates the light (see Fig. 2 ). The filament may have different shapes, produced by different phenomena. They could be real or artificial (e.g. due to the combined effect of the presence of 'pointy isophotes' and a regular twisting of the isophotes with the radius).
After subtraction, boxy isophotes tend to create an Xshaped feature when modelled with ellipses. It has already been observed by Forbes & Thomson (1992) that there is a connection between X-structure detection and the boxiness of the isophotes. Depending on the viewing angle, the trend with radius of a4/a (the fourth cosine parameter of the Fourier expansion of the residuals) may create different combinations of the previously described effects which must be taken into account in the identification and description of fine structure. In particular cases unsharp masking, which does not assume a galaxy model, has been used in conjunction with modelling in order to separate these effects. In ESO 5560130 (NGC 2211; see Reduzzi & Rampazzo 1996 for the image) the X-structure is described by sudden variation in the trend of a4/a from a boxiness of up to -1.6 per cent to a disciness which reaches 2 per cent. In this galaxy the X-structure is real, i.e. visible also in the original image and enhanced also after unsharp masking. Table 1 summarizes the results of our structural analysis for the isolated galaxy sample. We adopted the same scheme proposed by Schweizer (1992) for classifying fine structure. Data about the structures present in early-type galaxies in pairs are reported in Reduzzi & Rampazzo (1996) , organized in the same way.
RESULTS AND DISCUSSION
We have performed a comparative study (the samples are by no means complete) of the frequency of fine structures in two well-defined samples. The homogeneity in observation and data reduction lead us to believe that if some faint fine structure is lost due to low signal-to-noise ratio this applies equally to both samples.
Galaxies in the 'isolated' sample (61 galaxies) are located in very low-density environments, where presumably rare and low-velocity encounters take place. The pair sample (54 galaxies) has already been described by Reduzzi & Rampazzo (1996) . Following Junqueira & De Freitas Pacheco (1994) the orbital distribution of pairs, such as those selected with the Karachentsev criteria, is better represented by elliptical orbits, and simulations suggest a pair survival larger than a Hubble time, depending on impact and mass parameters. In other words, members of pairs would experience several orbital revolutions.
Shells in early-type members of pairs are detected approximately 4 times less frequently than in the isolated ...
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• Note. The numbers and the frequencies for the pair sample are derived from Reduzzi & Rampazzo (1996) . Numbers in parentheses refer to uncertain cases.
galaxies sample. The percentage we report in Table 2 for isolated galaxies is in agreement with Malin & Carter (1983) , who found 16.5 per cent using totally independent observational material (plate versus CCD) and method of analysis (unsharp masking on plates). A low frequency of shells results also from the study of Pildis, Bregman & Schombert (1995) who analysed fine structure in a set of Hickson compact groups. They found that two out of 30 (6.7 per cent) early-type galaxies showed shells. In the weak interaction picture multiple encounters are an inhibiting factor to the formation of shells. This would explain in a natural way the fact that the frequency of shells is low in different environments independently of the galaxy density and of the velocity of the encounter.
Within the merging picture, precise predictions about the frequency of remnants are made. Charlton & Salpeter (1990) , studying pairs of galaxies in low-density environments, calculate that pairs (with a range of orbits from circular to radial) yield between 10 and 25 per cent of lowdensity galaxies as merger products. We therefore cannot exclude that 'isolated' early-type galaxies (and their shells) are produced by the merging of pair members. Since in the merging picture pairs are a fast transient phase in the progressive coalescence of a higher order structure, e.g. a loose group (see Diaferio, Geller & Ramella 1994) , we expect a similar fraction of members of the pairs to be a merger product. Simulations indicate that shells are long-lasting features (few 10 9 yr), in both the merging and weak interaction pictures. Schweizer (1992) suggests, on the basis of metallicity indices, that older merger remnants occur in those galaxies which show fine structure. It is then difficult to explain in the merging framework a lower fraction of shells detected in pairs (in compact groups and in clusters) without invoking an additional damping mechanism.
X-structure is one of the less frequently observed forms of fine structure. Seitzer & Schweizer (1989) detect it in 8 per cent of their E and 11 per cent of their SO samples. IC 4767 is the prototype of this structural class (Whitmore & Bell 1988) . We detected X-structure in only one pair member (less than 2 per cent), namely in galaxy 133a (following Reduzzi & Rampazzo 1995) .
Diffuse dust or dust-lane systems are very frequently detected in early-type galaxies at all scales (Ebneter, Djorgovski & Davies 1985; Goudfrooij 1996; Forbes, Franx & Illingworth 1985) . We want to emphasize that the percentage reported in Table 2 represents a lower limit in the detection of dust, since we take into consideration only dust © 1996 RAS, MNRAS 282, 149-156 lanes or the unambiguous sign of diffuse dust in both samples. Considerable subjectivity exists in the detection of diffuse dust or patchy dust. The fraction of early-type galaxies in pairs for which we detected dust structures is approximately half of that found in isolated objects. Both Rampazzo & Sulentic (1992) and Reduzzi & Rampazzo (1996) in independent samples found a very low percentage of lRAS emitters among early-type members of pairs. Since the current interpretation is that FIR-luminous objects contain cool interstellar matter in the form of dust reprocessing star light, this could be another indication of the deficit of dust in the pair sample. In the isolated sample 3 ( + 1) objects show dust lanes associated with other fine structures. In the pair sample the fine structures appearing with dust (2 cases) are clearly due to ongoing interaction (a tail and a general asymmetry of the galaxy). The dust in the objects of the isolated sample showing other fine structures may be then indicative of a past minor merger event (see Forbes 1991) . The frequency of galaxies showing only a dust lane in pairs and in isolated galaxies is 15 versus 21 per cent respectively, and does not permit any definite conclusion.
In the Schweizer (1992) definition, tails represent the debris of merger candidates. In our pair sample tails are the product of the interaction, most of the time between disc galaxies, in most of the cases not directly associated with a merging process. In this sense, the comparison with tails in isolated objects is not appropriate and the larger frequency (almost a factor of 4) in pairs with respect to isolated galaxies may be explained in this way.
We detect fine structure in about 39 per cent of our isolated sample (44 per cent including uncertain cases) including all categories considered by Schweizer (1992) and considering that some galaxies show more than one type of fine structure. Schweizer found 69 per cent of E + E/SO and 53 per cent of SO + SO/Sa in a sample composed of 'generically' isolated galaxies brighter than BT = 13.5. If we consider features such as shells in the isolated sample ( ~ 16 per cent) or X-structure we actually find a deficit compared to the Schweizer sample by a factor of 3. In the case of early-type members of pairs the percentage of fine structure detected is about 30 per cent. It should also be taken into account that the percentage is clearly augmented by tail features that are a direct result of tidal effects rather than of merger or accretion events.
Evidence is accumulating that the merging is not the only framework that can be used to explain the properties of the galaxies showing fine structure. The present comparative study of interacting versus isolated galaxies suggests that shells present in early-type galaxies are well explained also by the weak interaction scenario. We expect to gain more conclusive evidence about the origin of fine structure from our ongoing study of galaxy indices compared to population synthesis models (Bressan, Chiosi & Fagotto 1994; Bressan, Chiosi & Tantalo 1995) .
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